Abstract Interannual variability over South America (SA) is mainly controlled by the El Niño-Southern Oscillation (ENSO) phenomenon. This study investigates the ENSO precipitation signal during austral spring (September-October-November-SON) over SA. Three global circulation models-GCMs-(MPI, GFDL and HadGEM2) are used for RegCM4 (Regional Climate Model version 4) downscaling of the present near-future (2020-2050) and far-future (2070-2098) climates using two greenhouse gas stabilization scenarios (RCP4.5 and RCP8.5). For the present climate, only HadGEM2 simulates a frequency of El Niño (EN) and La Niña (LN) years similar to the observations. In terms of ENSO frequency changes, only in the far-future RCP8.5 climate there is greater agreement among GCMs, indicating an increase (decrease) of EN (LN) years. In the present climate, validation indicates that only the RegCM4 ensemble mean provides acceptable precipitation biases (smaller than ±20 %) in the two investigated regions. In this period, the GCMs and RegCM4 agree on the relationship between ENSO and precipitation in SA, i.e., both are able to capture the observed regions of positive/negative rainfall anomalies during EN years, with RegCM4 improving on the GCMs' signal over southeastern SA. For the near and far future climates, in general, the projections indicate an increase (decrease) of precipitation over southeastern SA (northern-northeastern SA). However, the relationship between ENSO and rainfall in most of RegCM4 and GCM members is weaker in the near and far future climates than in the present day climate. This is likely connected with the GCMs' projection Climatic Change (2014) 125:95-109 
Introduction
One of the most remarkable aspects of the climate is its variability. Low frequency phenomena are often associated with changes in the atmospheric circulation and through teleconnection mechanisms they affect different regions in the globe (Liu and Alexander 2007) . The most important coupled atmospheric-oceanic phenomenon responsible for interannual variability on a global scale is the El Niño-Southern Oscillation (ENSO; Trenberth and Caron 2000) . ENSO develops due to the redistribution of heat and momentum in the tropical Pacific Ocean, presenting irregular fluctuations between its warm (El Niño-EN) and cold (La Niña-LN) sea surface temperature (SST) anomalies over the eastern-central tropical Pacific Ocean (Allan 2000) .
Observational studies indicate that EN (LN) episodes are related to deficient (abundant) rainy seasons in northern and northeastern sectors of South America (SA). On the other hand, in southeastern SA (SESA), in general an excess (deficit) of rainfall occurs during EN (LN) episodes, with strongest impacts during spring (see Grimm and Ambrizzi 2009 and references therein) . According to Magaña and Ambrizzi (2005) and Grimm and Ambrizzi (2009) dry conditions in northern/northeastern SA during EN episodes are associated with upper level anomalous divergence over the eastern Pacific and convergence over northern SA, which is related to the descending branch of a stationary Kelvin wave.
Many studies have focused on the ability of dynamic models to simulate the ENSO influence on the climate. Guilyardy (2006) investigated the EN signal in 23 coupled oceanatmosphere global climate models (GCMs) including 19 from the Intergovernmental Panel on Climate Change IPCC-AR4. This work shows improvements over previous generations of GCMs in simulating the tropical Pacific climatology, including the amplitude of El Niño.
Regional Climate Models (RCMs) can represent important local forcing features of the climate (such as complex topography, land surface heterogeneity, coastlines and regional water bodies) and also better capture the interannual climate variability (Giorgi and Mearns 1999) . Seth et al. (2007) argued that RCMs can better reproduce the observed interannual variability of precipitation due to ENSO in some SA sectors than can the driving GCM. Additionally, Fernandez et al. (2006) showed that during summer the RegCM3 and ETA RCMs are able to simulate the quasistationary circulations over SA in both EN and LN years, i.e., the subtropical jet stream intensification and the positive precipitation anomaly over southern Brazil during EN. In the tropical Americas, Tourigny and Jones (2009) claim that the Rossby Centre RCM captured the observed timing and duration of the rainy seasons associated with the ENSO forcing.
Considering the need to deepen the knowledge of how climate change may impact climate variability at regional scales, this study deals with the simulated interannual precipitation variability associated with ENSO over SA in both present and future climates. We analyze the austral spring precipitation in three time periods from three GCMs and from their RegCM4 downscaling.
Methodology

RegCM4 simulation setup
A full description of the new implementations in RegCM4 can be found in Giorgi et al. (2012) , while a complete description of RegCM4 simulations for CORDEX (Coordinated Regional Downscaling Experiment) is given in Giorgi (2014, this issue) . RegCM4 is an evolution of its previous version RegCM3 (Pal et al. 2007 ) with many upgrades in several aspects of the model physics (Giorgi et al. 2012) .
The domain (see Fig. 1b ) of CORDEX-RegCM4 simulations is the same as that used in da Rocha et al. (2012) and covers SA with a horizontal grid with spacing of 50 km and 18 sigmapressure levels. These simulations are part of the CREMA (CORDEX REgCM4 hyperMAtrix) experiment described in detail by Giorgi (2014, this issue) . The CREMA objective was to provide mini-ensembles of experiments with different driving CMIP5 (Coupled Model Intercomparison Project phase 5; Meehl and Bony 2011) GCMs, different RegCM4 physics configurations and different scenarios. In the initial phase of CREMA three GCMs were selected from the CMIP5 ensemble due to the availability of the 6-hourly fields needed to run RegCM4. The three GCMs are HadGEM2-ES (hereafter HadGEM2; Martin et al. 2011 ), MPI-ESM-MR (hereafter, MPI; Giorgetta et al. 2012 ) and GFDL-ESM2M (hereafter GFDL; Dunne et al. 2012 ). In the simulations analyzed here, RegCM4 used two greenhouse gas concentration pathways (RCP4.5 and RCP8.5) and two different model configurations depending on which land surface scheme and which convection scheme is chosen. The first configuration has the Community Land Model version CLM3.5 (Tawfik and Steiner 2011) and the Emanuel and Zivkovic-Rothman (1999) convective scheme (CLM-Emanuel). The second has the land surface Biosphere-Atmosphere Transfer Scheme (BATS, Dickinson et al. 1993 ) and the mixed convection Emanuel-Grell (1993) scheme (Emanuel over ocean, and Grell over land) referred to as BATS-GE. RegCM4 simulations forced with HadGEM2 that use BATS-GE (CLMEmanuel) schemes are named BGRegHad (CERegHad), while only CLM-Emanuel schemes were used in the simulations forced by MPI and GFDL and they are referred as CERegMPI and CERegGFDL, respectively. Table S1 (see supplementary material) presents the simulation names in the three analyzed time periods, i.e., present (1975-2005) , near-future (2020-2050) and far-future . Therefore, we used four RegCM4 members (CERegHad, BGRegHad, CERegGFDL and CERegMPI) in both the present and future-RCP8.5 and two RegCM4 members (CERegHad and BGRegHad) in the future-RCP4.5 (Table S1 ).
ENSO index and composites
The interannual variability of precipitation associated with ENSO is evaluated using composites for the austral spring (SON: September, October and November). In this season the ENSO signal in the precipitation is stronger over SESA than in other regions of SA (Grimm and Ambrizzi 2009) .
In this work, El Niño (EN) and La Niña (LN) years are defined according to the Oceanic Niño Index (ONI; see: http://www.cpc.ncep.noaa.gov). ONI is a three-month running mean of SST anomaly (calculated centered on 30 year base periods updated every 5 years) in the Niño 3.4 region (5°N-5°S, 120°W-170°W). The observed ONI is calculated using the Extended Reconstructed Sea Surface Temperature-ERSST.vb3 (Smith et al. 2008) .
A given year is defined as an EN (LN) year if the ONI value is higher (lower) than a positive (negative) threshold for at least five consecutive overlapping seasons, defined as the average of three consecutive months, of that year. For the ERSST.vb3 dataset, the Climate Prediction Center (CPC) uses a threshold of ±0.5°C, while here, similar to the Meehl et al. (2006) , the GCM thresholds are based on their respective ONI standard deviation (SD).
For each GCM (HadGEM2, MPI and GFDL) the time series of ONI and the corresponding SD (reported as a number in each panel) for the whole period (91 years) are presented in the supplementary Fig. S1 . Except in the far future, the ONI from GFDL has larger amplitude and interannual variability than in MPI and HadGEM2. Considering only the present climate, ONI SDs are 1.54°C, 0.72°C, 0.74°C and 0.81°C, respectively, for GFDL, MPI, HadGEM2 and ERSST.vb3. As a consequence of the large SD, GFDL has an excessive number of EN (12) and LN (15) years if a ±0.5°C threshold is used in the present climate. Therefore, we defined thresholds based on the ONI SD for all periods of each model. For this purpose we fixed a 62 % value corresponding to the ratio between the ONI from ERSST.vb3 for the period 1975-2005 (0.81°C) and the threshold used by CPC (±0.5°C) to define ENSO phases. This 62 % was applied to the ONI SD of the GCMs (see Fig. S1 ) resulting in thresholds of ±0.83°C, ±0.57°C and ±0.43°C for GFDL, MPI and HadGEM2 respectively.
The EN (LN) precipitation composites are constructed for each simulation and period by taking the SON mean fields of all years classified as EN (LN) years. The trends are calculated as the difference between future and present climatologies. For the subdomains over the southeastern SA (SESA) and the tropical SA (AMZ) indicated in Fig. 1 the precipitation trends are divided by the present day climatology. In these areas, the ENSO signal was also analysed in each period as the precipitation difference between EN and LN years (EN-LN) divided by the corresponding climatology of the period.
We also analyze the consistency between the GCMs and RegCM4 using both the spatial pattern correlation (i.e., the coefficient of correlation calculated for a defined domain) and the "index of agreement" defined by Willmott (1982) as:
where Ri and Gi are the ith grid point of a common subdomain of the RegCM4 and GCM, respectively; d is limited between 0 and 1, with d=1 indicating that RegCM4 reproduces exactly the GCM field.
Data
For the present climate, the simulated precipitation is compared with the monthly climatology of four different datasets: 1) Climate Prediction Center merged analysis of precipitation (CMAP; Xie and Arkin 1996) , 2) Climate Research Union of the University of East Anglia (CRU; Mitchell and Jones 2005), 3) Climate Prediction Center (CPC; Chen et al. 2008 ) and 4) University of Delaware (UDEL; Legates and Willmott 1990) . CMAP uses satellite and rain gauge data to provide gridded precipitation analyses with horizontal resolution of 2.5ºx2.5º longitude by latitude. CRU, CPC and UDEL are available only over continents and are gaugeonly precipitation analyses with higher horizontal resolution (0.5ºx0.5º longitude by latitude) than CMAP. We combined these coarse and fine resolution observations to cover ocean and land points. : 1975-2005 For the present climate , Fig. 1 shows the austral spring precipitation climatology of the observation ensemble mean, and the RegCM4 and GCM ensemble means. Note that all RegCM4 members (four in the present and RCP8.5; two in the RCP4.5) were used to calculate the RegCM4 ensemble means. In this season, a northwest (NW)-southeast (SE) precipitation band with 4-6 mm day
Results
Observed and simulated climatology
, from the Amazon to southeast Brazil (Fig. 1a) , indicates the initial phase of the South America monsoon system (Vera et al. 2006) . A similar rainfall rate occurs over southern Brazil and the neighboring South Atlantic Ocean as a result of the transient system activity (Reboita et al. 2010) . At this time of the year, the Intertropical Convergence Zone (ITCZ) is over the Northern Hemisphere at approximately 8°N and 11°N in the Atlantic and Pacific Oceans, respectively, with precipitation rates greater than 10 mm day −1 (Fig. 1a) . In many aspects, the RegCM4 and GCM ensemble means (Fig. 1b-c ) resemble the observation ensemble mean (Fig. 1a) , but deficits of precipitation is notable over some parts. Large underestimation of rainfall in the GCMs occurs over tropical SA and the subtropical South Atlantic Ocean. In both regions, RegCM4 reduces the dry bias of the GCMs, while it shows a similar underestimation of precipitation over parts of southern Brazil. In this latter region, the rainfall deficit is a common problem of many RCMs (Solman et al. 2013 ) and also of previous versions of the RegCM (da Rocha et al. 2012) . Over northern SA, the RegCM4 simulates a maximum rainfall rate associated with the ITCZ in the Atlantic basin with intensity similar to that in the observations, but overestimates it over the North Pacific ITCZ, Colombia and Central America. The similarities between the GCM and RegCM4 ensemble means in regard to the seasonal precipitation given in Fig. 1 are confirmed by the spatial pattern correlation and by the index of agreement, equal to 0.84 and 0.89 respectively. , respectively, for the SESA and AMZ areas. However, the simulated amounts of precipitation exhibit large spread in both GCM and RegCM4. For example, CERegGFDL shows the largest underestimation of precipitation in both areas, which is in agreement with the GFDL-driven model; rainfall underestimation in CERegMPI is larger in SESA than in AMZ, while the opposite is found in the MPI-driven model; CERegHad and BGRegHad underestimate the rainfall rate in AMZ, but in SESA there is rainfall underestimation (overestimation) by CERegHad (BGRegHad). The HadGEM2-driven model overestimates rainfall in both areas, with large errors in SESA.
Comparing observed and RegCM4 ensemble means, precipitation is underestimated in AMZ (−20 %) and SESA (−16 %). The GCM ensemble mean provides relative biases of −34 % and −9 % in AMZ and SESA, respectively. Although the underestimation of precipitation by the GCM in SESA is smaller than in RegCM4, only RegCM4 provides seasonal precipitation biases smaller than ±20 % in both subdomains, which are within the expected values for RCMs (Giorgi and Mearns 1999 For the present climate , HadGEM2 shows the same number of EN and LN years as ERSST.vb3, while MPI and GFDL underestimate the frequency of EN years (Table 1 ). Another characteristic is that only HadGEM2 has a larger number of EN than LN years, which is in agreement with ERSST.vb3. GFDL (MPI) has three (one) more LN than EN years. In the RCP8.5 far-future climate , both HadGEM2 and MPI show an increase (decrease) in the number of EN (LN) years, while a reduction of both ENSO phases occurs in GFDL. For the near-future climate , in GFDL and MPI there are more EN than LN years and HadGEM2 projects the opposite in both RCP4.5 and RCP8.5 (Table 1) . Consistent with the SST warming in Niño3.4 (supplementary material Fig. S2 ), the GCMs project less LN events in the near and far future compared to the present, with a reduction of 50 % in all GCMs. Table 1 indicates a large spread between GCMs related with the , where the number of EN (LN) varies from 6 in GFDL (5 in GFDL) to 12 in HadGEM2 (3 in HadGEM2 and MPI). A similar spread between CMIP3 GCMs was obtained by Meehl et al. (2006) . An inspection of the future RCP4.5 by Stevenson (2012) of all CMIP5 GCMs indicates that in most models there is not a statistically significant change of ENSO intensity. Among these GCMs, HadGEM2 and MPI (used in the present work) project no changes and increase of ENSO intensity, respectively, while this feature was not analyzed in the GFDL by Stevenson (2012) .
Present climate: EN and LN years
The identified EN and LN years are used for the composites of precipitation fields. For the present-day climate , Fig. 2a -b-c shows the precipitation difference between EN and LN years (EN-LN) for the observation, RegCM4 and GCM ensemble means, while the same precipitation difference for each RegCM4 and GCM are given in Fig. 2d and e, respectively. Figure 2a -b-c includes the number of ensemble members that have the same sign (positive or negative) as the ensemble mean. Note that the RegCM4 ensemble mean was calculated as the average of all available members (four members in present and RCP8.5 or two members in RCP4.5). During EN years, there is a reduction of rainfall over the northcentral Brazil, while rainfall increases occur over SESA, north-central Peru, Ecuador, eastern Colombia, and south-central Chile (Fig. 2a) . The EN-LN positive anomaly is strong between Paraguay and southern Brazil and the negative anomaly maximizes over northern SA. This pattern of anomaly is also apparent in the maps of correlation between SST and precipitation (Garreaud et al. 2009 ) and in the first mode of variability of the austral spring precipitation (Grimm 2011) . Over the oceans, strong positive anomalies of rainfall during EN years are evident in the Pacific ITCZ and in the subtropics (~30°S), while weaker bands of positive/ negative anomalies are found over the subtropical western South Atlantic Ocean (Fig. 2a) . As shown in Fig. 2d -e, all RegCM4 and GCM members capture the positive EN-LN differences of rainfall over SESA. However, GFDL and MPI simulate negative rainfall anomalies over a larger area of SA than HadGEM2. Moreover, the NW-SE oriented band of negative (positive) EN-LN differences of rainfall over north-central SA (SESA) simulated by CERegMPI and MPI shows greater agreement with the observations (Fig. 2a) than that of CERegHad and BGRegHad. In these two members, the spatial anomaly pattern presents opposite signals between the northern and southern parts of SA instead of the observed NW-SE oriented bands of anomaly. Figure 2d indicates that the north-south negative/ positive anomaly pattern occurs mainly in RegCM4 simulations driven by HadGEM2 and is independent of the convective (GE or E) or surface (BATS or CLM) schemes. This pattern is also found for the HadGEM2 GCM itself (Fig. 2e ). CERegGFDL and GFDL (Fig. 2d-e) present the negative rainfall anomaly extending southward and a smaller area of positive anomaly over the SESA. This pattern may result from the smaller number of EN than LN years in GFDL (Table 1) .
The RegCM4 ensemble mean (Fig. 2b ) presents a spatial pattern of EN-LN which is closer to the observed ensemble mean (Fig. 2a) than individual members (Fig. 2d) . A similar result is also found in the GCM ensemble mean (Fig. 2c) , with RegCM4 showing more details and agreement with observations in two regions: Ecuador/north-central Peru (positive anomaly) and north-central (40-20°S) Argentina. However, there is large similarity between RegCM4 and GCM ensemble means as indicated by the large values of the index of agreement (0.81) and spatial pattern correlation (0.74) for the SA domain.
Over the oceans, both GCM and RegCM4 ensemble means ( Fig. 2b-d ) are able to capture the observed (Fig. 2a) positive rainfall signal during EN years over the subtropical South Pacific Ocean, while the positive anomaly near the southwestern South Atlantic is better reproduced by RegCM4 ensemble mean than in the GCM ensemble mean. Figure 3 depicts the EN-LN precipitation differences divided by their respective SON climatology over the AMZ and SESA subdomains and Table 2 gives the ensemble mean values. For the present climate (left side of Fig. 3) , there are large disagreements between the observations related to the ENSO precipitation signal over AMZ, i.e., while UDEL shows no rainfall anomaly, in CMAP it attains~−17 %. The simulations also indicate large uncertainty around this signal, with GFDL, MPI, CERegGFDL and CERegMPI showing greater negative precipitation differences (from~−72 to~−25 %) than HadGEM2, CERegHad and BGRegHad. As a consequence of the large amplitude of the anomalous signal in both simulations and observations in AMZ, the RegCM4 and GCM ensemble means are closer to the observation ensemble mean (Table 2 ) than each individual member (Fig. 3) . For SESA in the present climate (left side of Fig. 3b ) there is smaller spread among observations (from~+18 tõ +26 %), RegCM4 and GCM members (from~−8 to~+24 %) in the presence of the EN- (Table 2) . Therefore, at regional scale the ENSO signal simulated by RegCM4 presents greater agreement with the observations in SESA than in AMZ. In AMZ both RegCM4 and GCM ensemble means strengthen the relationship between ENSO and rainfall in the present climate.
3.4 Future climate: SON precipitation trends and ENSO Figure 4 presents RegCM4 and GCM ensemble means of the SON precipitation change, i.e., the difference between the future (near and far) and the present climates. As in Fig. 2, Fig. 4 includes the number of members (except in the RCP4.5, which has only one GCM member) that have the same trend sign (positive or negative) as the ensemble mean. In general, all simulations (global and regional) and scenarios project an increase of precipitation over SESA and a decrease in northern-northeastern SA. This pattern is in agreement with previous RCMs-CMIP3 GCM studies (Marengo et al. 2010; Krüger et al. 2012 ). On a regional scale, some Fig. 3 Relative (%) EN-LN differences of the SON precipitation in the present, near-and far-future (RCP4.5 and RCP8.5) climates over the a AMZ, b and SESA subdomains from RegCM4 (Reg), GCMs (GCM) and observations (OBS; only in the present climate). The relative difference is calculated as the EN-LN precipiation differences divided by their correpondent climatology in that period small differences between the GCM and RegCM4 are noted. For example, in the near-and farfuture HadGEM2-RCP4.5 ( Fig. 4b and f) shows a larger area with positive precipitation changes over SESA than the respective RegCM4 ensemble mean ( Fig. 4a and e) , which is reflected in the small values of both index of agreement (0.59 and 0.58 for the near and far future, respectively) and spatial pattern correlation (0.35 and 0.38 for the near and far future, respectively). In RCP8.5, over SESA the positive anomaly in GCM (Fig. 4d-h ) is displaced eastward compared to RegCM4 (Fig. 4c-g ). Despite these differences, overall there is reasonable agreement among GCM and RegCM4 about the signal (positive or negative) of the precipitation change as indicated by the numbers in Fig. 4 . In the RCP.8.5 near-future climate ( Fig. 4c-d ) the intensity of the positive/negative precipitation changes is weaker than in the RCP8.5 far-future climate ( Fig. 4g-h ). The precipitation trends for the AMZ and SESA subdomains are shown in Fig. 4i -j. In the near-future climate for both RCP4.5 and RCP8.5 scenarios, all RegCM4 members project a trend toward reduction of precipitation over AMZ (Fig. 4i) , with small spread among them. In this region, the GCMs also present a negative change of rainfall, but with large spread among members (from~−30 to the −15 %). In the far-future climate, all RegCM4 and GCM members project dry conditions over AMZ, with the RCP8.5 ensemble mean providing a larger negative change than RCP4.5 (Table 2 ). As shown in Table 2 , in the RCP8.5 the negative precipitation change in the GCM is stronger than in the RegCM4.
In general, the GCM and RegCM4 project an increase of SON rainfall in both the near-and far-future climates in the SESA subdomain (Fig. 4j) . In addition, there is smaller spread among members in the presence of this signal in the near-future than in the far-future climates. In the RCP4.5 scenario, the RegCM4 ensemble mean and HadGEM2 consistently indicate an increase of~5 % in the seasonal rainfall in the near-and far-future climates (Table 2) . For the far-future RCP8.5, there is a large spread among members regarding the intensity of the rainfall change in SESA (Fig. 4j) , with CERegGFDL/GFDL simulating strong negative (~−15 %) and BGRegHad presenting strong positive (~+25 %) rainfall trends. Therefore, in the far future RCP8.5 climate, the RegCM4 ensemble mean provides larger positive change of rainfall than the GCM (Table 2) .
The ENSO signal in the future scenarios is evaluated through EN-LN precipitation differences shown in Fig. 5 . Overall, the spatial patterns in Fig. 5 are similar to the present climate (Fig. 2) , i.e., there is a positive precipitation anomaly during EN years over SESA and negative one covering north-central SA. From a comparison of the panels of Fig. 5 some small differences are noted in the near-and far-future climates. For both RCP4.5 and RCP8.5, in the (8) near-future climate the ENSO dry signal occupies larger area of continental SA than in the farfuture climate. The two RegCM4 members in the RCP4.5 near future (Fig. 5a ) agree with the EN-LN precipitation signal described. In the RCP8.5 near future, one RegCM4 member has a different EN-LN signal over north-central Brazil and two GCM members disagree about the wetter conditions of the ensemble mean in some parts of SESA. Over the AMZ, in the RCP4.5 and RCP8.5 near-future climate Fig. 3 shows negative precipitation differences in EN-LN. Considering the ensemble means, the EN-LN negative signal is between~−8 and~−16 % of the seasonal values in the AMZ (Table 2) . These values are smaller than the~−20 % of the models' ensemble mean in the present day climate. A similar range of EN-LN precipitation differences is obtained in the far -future RCP4.5 RegCM4 ensemble mean, but it is larger in the RCP8.5 ensemble means ( Table 2) . The large negative changes in the far-future RCP8.5 in AMZ results mainly due to the strong signal in both GFDL and CERegGFDL (Fig. 3a) . In the near-and far-future climates (RCP4.5 and RCP8.5), RegCM4 and GCM ensemble means support the EN-LN positive precipitation anomalies over SESA (Table 2) . In this area, GFDL and CERegGFDL present a signal opposite to that of the other GCM and RegCM4 members. Figure 3b also indicates large spread in the ENSO signal in the RCP8.5 far-future climate, with CERegMPI showing a strong EN-LN positive signal and the opposite occurring with CERegGFDL and GFDL. The positive signal in CERegMPI may be due to the EN increase of frequency (Table 1) and intensity Stevenson (2012) in the MPI driving model. For both RCP8.5 and RCP4.5 the RegCM4 ensemble mean shows weakening of the relationship between ENSO and rainfall compared to the present climate (Table 2) . Similar weakening is also projected in the RCP8.5 GCM ensemble mean (Table 2) . Except for the RCP8.5 far-future climate, a similar decrease in the ENSO signal in the precipitation is also projected by the GCM and RegCM4 ensemble means in the AMZ (Table 2 ). These results indicate that for most of simulations the ENSO signal in the precipitation in the future climates is in general weaker than in the present climate, except in CERegGFDL and GFDL.
The positive trend of SON rainfall over SESA (Table 2) is consistent with previous CMIP3 and RCM projections over SA (Seth et al. 2010; Krüger et al. 2012; Marengo et al. 2010; Grimm 2011) and it has been attributed to the ENSO signal. However, in the present study the RegCM4 and the GCMs project a weakening of the ENSO relationship with rainfall over SESA in the future climate. This occurs although there is a general increase (or maintenance in the case of GFDL) of the frequency of EN events. The SST composites (figures not shown) present the most intense SST anomaly displaced westward from the area where it is usually located during presentday canonical EN years, resembling a pattern similar to that of El Niño Modoki. According to Weng et al. (2007) this pattern may impose a signal opposite to that of the canonical EN in the precipitation over SA. A previous investigation of Grimm (2011) also shows a similar pattern of SST anomaly in the A2 scenario of two GCMs from CMIP3, suggesting some consistency between CMIP3 and CMIP5 coupled GCMs. In addition, Krüger et al. (2012) and Seth et al. (2010) used RegCM3 and GCMs, respectively, to argue that low level anomalous cyclonic 
Discussion and conclusions
RegCM4, nested in three GCMs, and GCM projections were used to investigate the ENSO signal in the austral springtime (SON) precipitation over SA. We considered historical experiments for the present climate and two future concentration pathways (RCP4.5 and RCP8.5) for the near-future (2020-2050) and (2070-2098) far-future climates.
EN and LN episodes were identified using the Oceanic Niño Index (ONI). For the present climate the frequency of EN and LN years in HadGEM2 is similar to the observations, while MPI and GFDL underestimate the number of EN years. Most GCMs project an increase (decrease) in the frequency of EN (LN) events in the RCP8.5 far-future climate, but for the near-future there is a large spread among GCMs regarding this signal.
In the present climate RegCM4 and GCM ensemble means reproduced the main features of the springtime rainfall over SA. At the regional scale, the RegCM4 precipitation biases over AMZ and SESA are smaller and larger, respectively, than in GCMs. However, only in RegCM4 these biases are smaller than ±20 % in both regions. In both the near-and far-future (in both RCP4.5 and RCP8.5) climates there is projected an increase (decrease) of the SON precipitation over southeastern (north-northeastern) SA.
For the present climate, RegCM4 and GCM ensemble means capture the positive (negative) precipitation differences between EN-LN years over the SESA (northern SA), with RegCM4 showing larger agreement with the observations than GCMs in SESA. Similarly to the present day climate, in the near-and far-future (RCP4.5 and RCP8.5) the RegCM4 ensemble mean continues to show a positive (negative) rainfall anomaly associated with EN years over the SESA (northern SA). However, the ENSO relationship with the seasonal rainfall in most of RegCM4 members is weaker in the near-and far-future climate than in the present-day climate, except over AMZ in the RCP8.5 far future. A similar result, but with differences in the intensity and spread among members, is also obtained in GCM projections. This result may be associated with the displacement of the warm waters to the central Pacific during EN years, which resembles more El Niño Modoki type events.
The present analysis focused on the ENSO precipitation signal during the austral spring. As discussed in Grimm (2011) , ENSO impacts different areas of SA during the year. For example, the ENSO signal is stronger during March-April-May in northeast Brazil (Kayano and Andreoli 2006) . Therefore, it would be important to perform a similar analysis for other seasons of the year to verify whether the present results are season/region dependent.
